The Phase Diagram for the Four-Component DSPC/DOPC/POPC/CHOL Mixture  by Konyakhina, Tatyana et al.
288a Monday, February 27, 20121467-Pos Board B237
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In this work we studied memory and irreversible transport phenomena in a non-
equilibrium thermodynamically model for genomic transcriptional regulation.
Transcriptional regulation possess an extremely complex phenomenology, and
it is, of course, of foremost importance in organismal cell development and in
the pathogenesis of complex diseases. A better understanding of the way in
which these processes occur is mandatory to optimize the construction of gene
regulatory networks, but also to connect these networks with multi-scale phe-
nomena (e.g.metabolism, signaling pathways, etc.) under an integrative Systems
Biology-like vision. We analyzed three simple mechanisms of genetic stimula-
tion: an instant pulse, a periodic biochemical signal and a saturation processwith
sigmoidal kinetics and from these we derived the system’s thermodynamical re-
sponse, in the form of, for example, anomalous transcriptional bursts.
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Transcriptional regulation is an intrinsically stochastic process. There is in-
creasing evidence, for example, of stochastic stabilization of biological clocks
and oscillators relative to their classical description based on macroscopic rate
equations. Elucidating the effect of randomness on biological oscillation is cen-
tral to understanding the design principles of robust oscillators, or to the design
of synthetic networks. We study the oscillatory instabilities of two model sys-
tems that rely on delayed negative feedback to induce oscillation: a single gene
auto repressor system, and a dimer negative autoregulation system. We focus
on fluctuations of intrinsic origin in the range of low copy number. The bifur-
cation diagram is obtained for these stochastic models, and shown to differ sig-
nificantly from that of a macroscopic description that neglects fluctuations.
Bifurcation lines remain sharp under fluctuations, but their location is a function
of the relative size of the fluctuations. Shifts in the stability threshold of the os-
cillators can be traced back to the interplay between statistical correlations and
delayed feedback. We finally show that there results cannot be captured by
weak noise approximations (the diffusion limit), but instead result from strong
fluctuations associated with low copy numbers.
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Transcription is the mechanism by which information encoded in genes is
transmitted to an mRNA template. This process is initiated by the binding of
a transcription factor (TF) to a gene promoter. TFs have to find their specific
gene promoters (~20bp) within a 3.2 billion bps genome in a fast and efficient
manner. A key challenge is thus to understand by which mechanisms do TFs
execute target search in a crowded nucleus?
To address this question, we use a non-native doxycycline-deactivable Tet Re-
pressor (TetR) DNA-binding domain integrated into a human cell line (U2OS).
By transfecting cells with TetR tagged with the photo-convertible DENDRA2,
we are able to visualize their dynamics in the nuclei of live cells using
a sptPALM technique. Low UV irradiation causes stochastic conversion of
DENDRA2 from the green to the red, with an event probability low enough
to detect single molecules.
The nuclear dynamics of TetR exhibits three different behaviours: (I)trajecto-
ries that cross the entire nucleus, screening it predominantly with a fast motion
(16mm2/s); (II)quasi-immobile molecules(0,1mm2/s), and (III)an intermediate
behaviour, with medium motion(1,4mm2/s) confined in subparts of the nucleus.
When doxycycline is added, disabling TetR DNA-binding properties, there is
a drastic decrease of quasi-immobile molecules and a 50% decrease of the
medium-motion ones.
This suggests that the quasi-immobile molecules are unspecifically bound on
DNA. Their slow motion suggests a 1dimensional screening of DNA as seen
in in vitro experiments. The medium motion population shows transiant
DNA unspecific binding combined with 3dimentional jumps, allowing a local
search. The fast population screens in a global way the nucleus.TFs seem to have a well established target search strategy by unspecifically
binding on DNA and combining 1Dimentional and 3Dimentional motions, as
suggested by previous target search theories.
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To enhance fitness in complex and changing environments, identical bacteria
cells in isogenic populations have the capacity to stochastically differentiate
into various phenotypes with special attributes. Stochastic fate determination
guarantees variability, as it provides each cell with the freedom to choose its
own fate. This hedge survival strategy allows the population to continuously
deploy specialized cells in anticipation of possible drastic changes in condi-
tions. Recently, we introduced and analyzed a novel integrative model devel-
oped for the complete decision-making signal transduction system that
determines the cell fate between sporulation and competence. Here I will focus
our current studies of the core decision circuit - the AbrB circuit. This circuit
regulates the interplay between the sporulation master regulator, which acts
as an adjustable timer whose clock rate is adjusted by the past and present
stress normalized by the mean-field stress of the other cells, and the
competence master regulator, which acts as a stochastic switch whose switch-
ing rate is adjusted by the normalized cell density. The decision circuit is com-
posed of a cascade of three inhibitory genes generating oscillatory dynamics of
opening the stochastic switch. The decision circuits of the individual bacteria
are coupled by inter-cell signaling such that the decision-making circuits of
the different cells work in coordination and amplify the noise and differences
between the cells. This ingenious scheme describes how individual bacteria
weigh their decisions carefully, taking into account the stress they are facing,
the situation of their peers, and the statistics of how many cells are sporulating
and how many are choosing competence.Membrane Physical Chemistry II
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Binary and ternary mixtures of lipids that form separate phases (gel, fluid-
ordered, and fluid disordered) may provide useful insights into the complex
physics of real biological membranes. Here, we examine the mixing versus
temperature of DPPC:DLPC and DPPC:DOPC:Cholesterol phase separated
systems using neutron and x-ray diffraction methods. We also report the affects
of inhalation anesthetics on the phase behavior of these lipid mixtures. Phase
co-existence was measured by lamellar x-ray diffraction from multi-layer sam-
ples. Two distinct series of lamellar Bragg diffraction were observed demon-
strating separation into distinct 3D phases. We observe a broad transition in
which one phase diminishes as a function of temperature resulting in a single
homogenous phase. We used isotopic contrast from chain deuterated lipids to
show compositional changes in the fluid phase during the mixing transition.
The changes seen in the proportion of lipids in the lamellar diffraction studies
correspond to physical mixing of the lipid species shown by examining the
chain diffraction at wide angles produced by deuterated lipids. Finally, we
show that the anesthetic halothane shifts the temperature mixing curves and
sharpens the transition of these mixtures.
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When liquid-ordered (Lo) and liquid-disordered (Ld) phases coexist in mix-
tures of DSPC/DOPC/Chol, phase domains appear as large round domains in
giant unilamellar vesicles (GUVs) examined by fluorescence microscopy.
However, when liquid-ordered and liquid-disordered phases coexist in
DSPC/POPC/Chol mixtures, domain size is too small to be detected by fluores-
cence microscopy. The phase diagram of the four-component DSPC/DOPC/
POPC/Chol mixture allows for the exploration of the transition from
macroscopic-to-nanoscopic domains. We have found complex shapes (modu-
lated phase morphology) in a particular region of composition within the
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POPC/Chol mixtures. By controlling lipid composition, we see distinct types
of modulated liquid-liquid phase morphologies, including linear, irregular,
and angular features in GUVs. These studies show that both the size and mor-
phology of membrane rafts can be controlled by adjusting the composition and
the type of low-melting lipid in mixtures with high-melting lipid and
cholesterol.
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Introduction
Pulmonary Surfactants (PS) are present in the air-liquid interface of lung al-
veoli. Its main function is to enhance the alveoli dilatational properties by low-
ering the surface tension of the system, as well as to prevent the collapse during
the respiration process1. Particulate Material (PM) are exogenous particles
which are related to some respiratory problems2. In the present work is reported
the effects of those particles in system models of PS.
Methodology
Dipalmitoylphosphatidylcholine (DPPC) is the major component of PS and
Cholesterol (Chol) is the most abundant neutral lipid. DPPC monolayers are
used as models and the effects of PM and Chol were evaluated by using Oscil-
lating Drop System (ODS) and Atomic Force Microscopy (AFM) techniques.
Results
Chol brought theDilatational ElasticModulus (E) to higher values evidencing an
increase in the rigidity of themonolayers. Such effect is explained by the fact that
Chol molecules act as space fillers turning the monolayers into more rigid struc-
tures. PM showed two different effects. The first one being the decrease of E at
low PM concentration. The second one is the increase in E values which is be-
lieved to be a result of the adsorption of the particles to the monolayers.
Conclusions
PM and Chol were observed to provoke changes in some physicochemical
properties of DPPC monolayers. PM as exogenous structures may cause prob-
lems to the regular functions of the PS as already reported.
References
1) Goerke, J. Biochim Biophys Acta 1998, 19, 79-89.
2) Arbex, M. A. et al. Jornal brasileiro de pneumologia 2004, 158-175.
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We study lipid phase behavior using giant unilamellar vesicles to model cell
membrane dynamics. In our system, we investigate the effects of cross-
linking in the head groups position via biotinylated lipids, avidin, and its ana-
logues. Cross-linking is the linking of two molecules (biotinylated lipids) via
a cross-linking agent (avidin). Vesicles allow us to isolate the lipid rearrange-
ment due to cross-linking, a common activity on cell surfaces. By comparing
specific binding strength of the coupling and self-adhesion, we study the role
that cross-linking plays in membrane behavior. Confocal microscopy gives
us the ability to visualize the membrane dynamics. Using phase specific
dyes, we study the changes that occur with the addition of a cross-linker to
the system. Fo¨rster Resonance Energy Transfer (FRET) enables us to detect
clustering on the submicron scale, beyond the limits of conventional micros-
copy. Using FRET we detect lipid rearrangement associated with the transition
from one-phase vesicles to two-phase vesicles using two different fluorescent
dyes, a donor and acceptor. Both techniques allow us to quantify the phase be-
havior due presence of the cross-linking agent. From this simple cross-linking
system, we model membrane responses to protein complex formation and
oligomerization.
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Cardiolipin is a mitochondrial phospholipid with a unique composition and dis-
tribution of acyl groups. The cardiolipin composition depends on tafazzin,
a phospholipid-lysophospholipid transacylase, although the enzyme itself
lacks acyl specificity. We incubated isolated tafazzin with various mixtures
of phospholipids and lysophospholipids, characterized the lipid phase stateby 31P-NMR, and measured newly formedmolecular
species by mass spectrometry. Significant transacy-
lation activity was observed only in non-bilayer lipid
aggregates, in which lipids had a low packing order.
The lipid phase state profoundly affected the sub-
strate specificity of the tafazzin reaction. In particu-
lar, tetralinoleoyl-cardiolipin, a prototype molecular
species, formed only under conditions that favor the
inverted hexagonal phase. In isolated mitochondria,
less than 2 percent of lipids participated in transacy-
lations, suggesting that tafazzin acts only on privi-
leged lipid domains. We propose that tafazzin
reacts with non-bilayer lipids in mitochondria and
that acyl specificity arises from spontaneous self-
organization of these domains.
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Lipid bilayers form the basic structure of cellular membranes. There is a large
degree of diversity in the structure and composition of biological membranes.
While one of the most important functions of membranes is to prohibit polar
molecules from crossing the membrane, pore formation is crucial in a number
of biological processes. We have used atomistic simulations to investigate the
thermodynamics and kinetics of pore formation and dissipation in three satu-
rated phosphatidylcholine bilayers, DLPC, DMPC, and DPPC. Pore formation
has a large free energy cost, which increases as the tails length increases: 16 kJ/
mol (DLPC), 40 kJ/mol (DMPC), and 80 kJ/mol (DPPC). We find that pore for-
mation has a large unfavorable entropic contribution, possibly due to the con-
striction of water within the pore. The large unfavorable entropic contribution
is compensated by a favorable enthalpic contribution to pore formation. Once
formed, pores in the shorter lipid bilayers are larger and more stable than pores
in bilayers with longer lipids. These results have broad implications on biolog-
ical processes involving pore formation, such as lipid flip-flop, antimicrobial
peptides, and cell penetrating peptides.
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Membrane proteins are difficult to study in vitro. This is in particular related to
their limited stability and motivates the search of new surfactants (e.g. 1-4), and
among them, fluorinated and hemifluorinated (HFSs) surfactants. HFSs with
a polymeric hydrophilic head proved to be particularly mild towards MPs
(1). Surfactants were designed with chemically defined polar heads for struc-
tural applications. Lactobionamide derivative was found to be efficient in keep-
ing several MPs water soluble and active. But it formed elongated rods (2). A
new class of surfactants, the Glu- family, was synthesized, characterized in by
neutron scattering (SANS) and analytical ultracentrifugation, and for its bio-
chemical interest. The formation of rods is related to the low volumetric ratio
between the polar head and hydrophobic tail. The surfactant bearing two Glu-
cose moieties is the most promising one, leading to both homogeneous and sta-
ble complexes for both BR and the b6f. It was also shown be of particular
interest for the structural investigation of membrane proteins using SANS (3).
(1) Breyton et al. (2004) FEBS Lett 564, 312-318.
(2) Lebaupain et al. (2006) Langmuir 22, 8881-8890.
(3) Breyton et al.(2009) Biophys. Journal. 97, 1077-86.
(4) Gohon et al. (2008) Biophys. Journal. 94, 3523-37.
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The dynamic piezoelectric effect of the plasma membrane and the nuclear en-
velope of rat A7r5 aorta smooth muscle cell is imaged with sub-3 nm spatial
resolution using Piezoresponse Force Microscopy (PFM). The results verify
that cell membrane is piezoelectrically active due to ordered arrangement of
polar phospholipid molecules in the liquid crystalline state. A detailed analysis
of the PFM signals with a 10 V / 0 V / 10 V DC bias voltage and a 10 V AC
